The extent to which prices of commodities such as oil and gold affect stock prices of firms engaged in their production, and in the stock market in general, has received attention in both the theoretical and empirical literature with mixed results. Instead of focusing on the direct relation between prices, this paper investigates the relation between different market phases. Specifically, it identifies bull and bear markets in commodity prices and in stock prices of firms whose primary business involves mining and marketing the relevant commodities, and investigates whether a relationship between them exists. The aggregate indices of the sectors related to commodities and the market overall are also considered. The empirical analysis is conducted for the Canadian stock market due to the importance that mining and energy stocks have in its composition. The results suggest that there is little evidence that the market phases identified for the individual stocks are related to those for the commodity prices.
Introduction
One way to invest in commodities, especially prior to the introduction of Exchange-Traded Funds, was to invest directly in companies whose primary businesses are based on those commodities. However, this generates concern as to whether the stock returns can actually reflect changes in the prices of the underlying commodities. For example, an investor in gold mining stocks is concerned with the extent to which changes in gold prices are reflected in the returns of gold mining stocks. So the question that naturally arises is whether or not such a connection exists. The finance literature investigating the existence of such a relationship in the case of gold and oil is divided on the subject. Some analysts argue that gold mining stocks represent an investment in gold price so such a relation exists, whereas others argue that these stocks also incorporate other risks that are uncorrelated with the price of gold. If, instead of individual stocks, one examined the relation of gold price to the aggregate stock market, she will also find mixed results. Finally, even though crude oil price changes are often considered to be an important factor for understanding fluctuations in stock prices, the direction of such a relationship is not clear.
In this paper, instead of focusing on the direct relation between commodity prices and stock prices for associated firms, we investigate the relation between their market phases, i.e., their observed bull and bear markets. In particular, we examine whether being in a bull or bear market in commodities can provide information about whether the stocks of firms whose primary business is in commodities are in a bull or bear market. In the finance literature, bull and bear markets in stock markets have been introduced as longer periods of price rise and price decline respectively (Chauvet and Potter, 2000) , and there exists empirical evidence of their existence. For example, Schaller and van Norden (1997) present strong empirical evidence of such market switching in US stock market returns, evidence that is robust to different specifications of the nature of switching. Since it has been observed that commodity prices fluctuate similarly to the prices of stocks, the notion of bull/bear market is also relevant in this case with both theoretical and empirical literature supporting it (He and Westerhoff, 2005) .
Why, instead of focusing on the relationship between prices, do we examine the relation between the market states? Information on the state of any asset market is obviously relevant for investors. They may follow a market timing strategy: obtain a long position in the asset under a bull market, and a neutral or short position under a bear market. Investors that do not engage in market timing strategies may incorporate the different behavior of asset returns (see Perez-Quiros and Timmermann, 2000 , for the stock markets) in their risk management. Finally, bull and bear markets can affect asset pricing, as they are an important source of time variation in risk premia (see, for example, Veronesi, 1999; Gordon and St-Amour, 2000; Ang et al., 2006) .
Our purpose is to investigate whether the commodities and the related stocks are experiencing price increases or decreases at the same time. If this is the case, then we can employ knowledge about the longterm trends of commodity prices, based on global supply and demand conditions, to invest in related stock markets and companies. As an example, if the future market regime for a commodity is known, an investor can do better by shifting her investments from the relevant stock to risk-free assets when a bear market is predicted to occur, and vice versa with a bull market.
A second argument in favour of examining the relationship between the markets of commodities and commodity stocks, instead of the prices, is to filter out short-term fluctuations that may be an important factor in stock price dynamics. Companies' idiosyncratic risks influence the stock price in ways that may not be related to the behaviour of the underlying commodity. For example, risk exposure of activities overseas may have a dramatic effect in a companies valuation despite an increase in the price of the commodity 1 .
The analysis is based on three commodities -oil (West Texas Intermediate), gold, and metal-and the relevant Toronto Stock Exchange indices (composite and sector indices), and company stocks listed in it.
The focus is on the Canadian stock market instead of the US market where most of the existing literature has been focused. The motivation is the importance that commodity-related companies have in the Canadian stock market; the material and energy sectors account jointly for 50% of the market capitalization of the TSX composite index, and 58% of world's public mining companies are listed on the Toronto Stock Exchange.
For each series, the associated bull and bear markets are identified using the Lunde and Timmermann (2004) algorithm. This is a data-based identification algorithm that defines bull/bear markets as periods where prices do not deviate much from the local peak/trough of the current market, hence it does not impose any model structure on the data. The analysis is conducted in two directions. First, the identified bull and bear markets are examined independently for each series. In particular, we examine the durations of the bull and bear market phases, and the distributional characteristics of the series' returns under each phase.
Second, the explanatory power that commodity markets convey in identifying bull and bear markets for the stock market indices and the individual stocks that are related to them is examined. Three different approaches are considered. The first is a sample correlation between the commodity and the stock markets.
The second involves the computation of estimates of the probabilities that a series is in bull (bear) market when the commodity is also in a bull (bear) market either at the same month or in the past month. The third considers a probit model, with the dependent variable being the market status of the stock series (sector index or individual company), and the independent variable being the market status of the commodity series.
The paper is organized as follows. Section 2 briefly reviews some of the existing literature on the subject.
Section 3 discusses the methodology for identifying the bull/bear markets. Presentation of the data and discussion of results are provided in Section 4, and Section 5 concludes the paper.
Literature Review
The literature on whether a relationship exists between commodity prices and commodity-related stocks is extensive and dates back to the beginning of the 1980s. If we first examine the literature related to gold, the results are mixed. Khoury (1984) argues that unstable dividends, political risks, currency exchange risks, and business risks disassociate the price of gold from the returns of the firm's securities. Rock (1988) suggests that investing in mining stocks is the worst way to expose in gold due to the non-gold price related risk associated with these companies. Blose and Shieh (1995) explicitly describe the influence of gold price on the returns of gold mining stocks. Their model demonstrates that the sensitivity of the value of the mine with respect to the price of gold depends on the size of gold reserves, the production costs of the mine, the value of firm's assets unrelated to mining, and the level of gold prices. Using monthly returns, they find that for companies whose primary business is gold mining, the gold price elasticity of the company's stock is greater than unity.
Instead of focusing on individual stocks, another stream of literature examines the relationship between the gold price and the aggregate stock market. The results are again mixed. Aggarwal and Soenen (1988), and Jaffe (1989) find that the correlation between gold and the stock market is positive but small. On the other hand, Tschoegl (1980 ), Carter et al. (1982 , Blose and Shieh (1995) , Larsen and McQueen (1995) , Lawrence (2003), and McCown and Zimmerman (2006) find that gold is uncorrelated with the stock market.
Finally, Blose (1996) finds that gold is negatively correlated with the stock market, and Baur and Lucey (2010) show that gold serves as a good safe haven for stocks in falling stock markets, as gold can be considered an asset that is uncorrelated with a portfolio of stocks in times of market stress.
Turning our attention to crude oil price changes, even though they are considered an important factor for understanding fluctuations in stock prices, the direction of such a relationship is not clear. For example, Kling (1985) finds that crude oil price increases are associated with stock market declines, but Chen et al.
(1986) suggest that oil price changes actually have no effect. Similarly, even though Jones and Kaul (1996) find a stable negative relationship between oil price changes and aggregate stock returns, Huang et al. (1996) Cashin et al. (1999) examine the durations and magnitudes of real price cycles for 36 commodities using a cycle-dating algorithm to find local peaks and troughs in their data in order to identify booms and slumps. Deaton and Laroque (1992) suggest that real commodity prices are often dominated by long periods of doldrums punctuated by sharp upward spikes. Finally, Lee et al. (2006) find that natural resources prices are stationary around deterministic trends with structural breaks in the intercepts and trend slopes, a result that is compatible with the notion of bull and bear markets.
Methodology
Data-based identification is mainly concerned with converting the abstract notion of rising/declining stock prices, when defining bull and bear markets, into more quantitative criteria that enable the construction of actual identification algorithms. One early criterion was introduced by Fabozzi and Francis (1977) who suggest a definition of bull/bear markets in terms of critical bounds for the stock returns. Similarly, Kim and Zumwalt (1979) define bull/bear markets in terms of the returns: bull markets are defined as periods where returns exceed the average return or the risk free return,or zero, the remaining periods being identified as bear markets. It can be noticed that both approaches rely on returns sharing some common underlying characteristics throughout the entire sample (such as common mean, common standard deviation, or the like), and detect bull/bear markets as extremes within this set of returns. This is also a definition of bull/bear markets implied in Regime Switching model estimation (Schaller and van Norden, 1997 ).
An alternative definition, which is less restrictive, is based the local traits of asset prices. Bull/bear markets are defined as periods when prices are not too far away from the local peak/trough of the current market. Therefore, bull/bear markets are detected relative to the characteristics of the current market, not the entire sample. This approach has been used by Pagan and Sossounov (2003) and Lunde and Timmermann (2004) . Kole and van Dijk (2012) provide an extensive comparison between the different approaches in identifying bull and bear markets, and they discuss the relevant merits of different approaches. They suggest that data-based rules are preferable when the interest is in the obtaining the market tendency, and when an ex post series of bull and bear markets is required.
In this paper, we employ the Lunde and Timmermann (2004) algorithm due to its advantages. First, compared to Pagan and Sossounov (2003) who constrain an identified market to last at least four months, and two adjacent markets to last at least 16 months combined, they do not impose any such restrictions.
Furthermore, this algorithm does not use criteria for defining bull markets whenever returns exceed some critical value, unlike other comparable algorithms (Fabozzi and Francis, 1977; Kim and Zumwalt, 1979) .
The Lunde-Timmerman Algorithm
The Lunde-Timmerman data-based algorithm (Lunde and Timmermann, 2004) , henceforth referred to as the LT-algorithm, provides a rule that one can iterate in order to determine whether an observation belongs to a bull/bear market.
The algorithm can be described as follows:
Let p min be the smallest of the prices so far observed in a current bear market and p max be the largest of the prices so far observed in a current bull market. Denote by λ 1 and λ 2 the critical percentages (filters) of the bear and bull markets respectively.
For each of the two states the preceding price can belong to, one of three things will happen:
• Bull state:
The bull market continues, and p becomes the new p max
The bull market continues, and there is no change in the value of p max
The bull market terminates and is replaced by a bear market with p as its first observation. Furthermore, p is the p min of this bear market.
• Bear state:
-p < p min : The bear market continues, and p is the new p min -p min ≤ p < p min (1 + λ 1 ): The bear market continues, and there is no change in the value of p min
The bear market terminates and is replaced by a bull market with p as its first observation. Furthermore, p is the p max of this bull market.
Putting it in words, the algorithm considers a change from a bull (bear) to a bear (bull) market if the price drops (increases) by more than a pre-specified percentage.
There are two main implementation issues for the LT-algorithm: i) the choice of filters, and ii) short-term fluctuations and filtering. If there is a drift in the stock price series from which one derives the bull/bear markets, one has to adjust the filter (λ 1 , λ 2 ) so as to account for this (Lunde and Timmermann, 2004) . In particular, if the series exhibits an upward trend, an asymmetric filter with λ 1 > λ 2 is required so that in order to go from a bear market to a bull market, the stock price would have to increase more than it would have to decrease to go the other way. How to deal with short-term fluctuations is at the researcher's discretion. Pagan and Sossounov (2003) set a lower limit for the allowed duration of a single market, as well as for the combined duration of two adjacent markets. This reflects the point of view that some movements in stock prices are too brief to be actual markets. Nevertheless, how to distinguish between short-term fluctuations and actual markets is on many occasions a subjective matter. instead of considering a large number of firms, the sample was restricted to firms whose market capitalization on June 2011 was in the top decile. Table B2 . The following remarks can be made: a) commodity (oil price, gold price, and metal index) returns are considerably more volatile that the stocks and stock market indices (coefficients of variations are at least twice as high), b) mean returns are higher for individual stocks, and c) all return series exhibit excess kurtosis, i.e. there is higher probability for extreme values (e.g. the maximum monthly return observed for the Canadian Natural Resources company is 167%).
Results
When the LT-algorithm is presented, we discuss the issues regarding the choice of the threshold parameters (λ 1 , λ 2 ). There are two major concerns: a) the magnitude of the parameters, which determines how frequently switches between markets occur, and b) whether we should consider an asymmetric filter to account for an upward trend.
In this paper, we use the same asymmetric filter for all series under investigation:
Even though these values may be deemed relatively large compared to the ones observed in the literature for stock market indices, they can be justified by the minimum and maximum values that we observe for the monthly real returns for the individual stocks (a range from -70% to 170%). Furthermore, the asymmetric filter accounts for the upward trend that exists in stock prices. The application of the LT-algorithm in each series generates a sequence of ones (dates for which the prices are identified as belonging to a bull market), and zeros (dates for which the prices are identified as belonging to a bear market). These resulting series will be subsequently used to determine whether a relation exists between the markets identified for the commodities and those for the stocks.
The presentation and discussion of results will be divided in two parts. The first part will discuss the bull and bear market properties (durations and returns' distributional characteristics) separately for each series. The second part will examine the relation of the bull/bear markets identified in commodities with the bull/bear markets identified in stock market indices and individual stocks.
Bull and Bear Market Properties
The distributional characteristics of the real returns under the bull and the bear markets are provided in Tables B3 and B4 , respectively. We can notice that the returns during the bull market phase have a positive mean compared to a negative mean during the bear market phase. On the other hand, the returns' variance is higher under a bull market for the majority of the series, with the most notable exceptions being the composite index, and the Alamos Gold stock 4 . Considering the distributions' higher moments, skewness is found to be positive for the bull market returns and negative for the bear market returns for most series, and excess kurtosis is present under both markets, with particularly high values in the case of bull markets. We can now discuss the duration properties of the identified bull and bear markets in more detail. The average duration for a bear market phase in commodity prices is longer than the average duration of a bull market phase. In particular, the gold price and the Metal Index exhibit only few switches from one market status to the other, whereas switches for oil price are more frequent. Turning our attention to the stock market series, either indices or individual stocks, the average duration of a bull phase is longer than the average duration of a bear phase, the only exceptions being the stocks of Kinross Gold and Imperial
Metals. Regarding the average market phase durations, we find that they are significantly higher for the commodities and the stock market indices compared to the individual stocks. We are not surprised by the particular finding. Commodity prices have been observed to follow the so-called super cycles: decades of long price movements (20-70 years to complete the cycle), considered to be demand driven, following world GDP.
Correlations, Conditional Probabilities, and Probit Model Analysis
In order to formally examine whether a relation between the market status for the stock market series and the underlying commodities exist, we consider three different approaches. The first approach is to examine the sample correlations of the series obtained by applying the LT-algorithm. A higher correlation will be indicative of the existence of a relationship. The second involves the computation of the conditional probability of a stock marketrelated series being in bull (bear) market when the commodity is also in a bull (bear) market, either in the same month or in the past month. Conditional probability values that are close to the unconditional probability values will suggest no information content. The third uses a Probit model; the dependent variable is the market status of the stock series (sector index or individual company), and the independent variable is the market status, contemporary or lagged, of the commodity series.
The Similar results are observed when we consider the correlations between current market status for the stock market indices and the lagged market status for the commodities 5 .
The second alternative measure for the relation between the identified markets are the conditional probabilities. Table B5 presents the probabilities for the sector stock market and the individual stocks, conditional on the commodity markets. If these probabilities differ from the unconditional probabilities of a bull or a bear market for the series under scrutiny, then we can infer that there is information content on the conditioning set. Overall, when the commodities are experiencing a bull market phase, either in the current or the previous period, the probability of the sector indices and the individual stocks experiencing a bull market phase increases relevant to the unconditional value by 10% on average. There are two exceptions: the Agnico Eagle Mines and Kinross Gold stocks. When we consider the instances when commodities experience a bear market phase, the results are similar. It is of interest that the higher changes in probability are observed for Canadian Natural Resources. Table 2 below demonstrates the instances for which this update is higher than 10%, when the conditioning set is the commodity market status for the previous period:
5 Tables presenting the correlations are omitted in order to conserve space. They are available upon request. The probability update is high for all sector stock market indices, and only for few of the individual stock series.
When the conditioning set becomes the state of the market for the sector stock market index, we also observe an update in the conditional probabilities. There is a higher probability of the stock being in a bull market when the sector itself is in a bull market either in the current or the previous time period, but the magnitude of the updates now depends on the sector: higher for the gold and mining stocks, but lower for the energy stocks. Even though the same pattern emerges when the sector index is in a bear market, the magnitude of the updates is larger.
The third, and final, method is the fit that a Probit model provides as measured by the McFadden R-squared, and the statistical significance of the commodity markets in the specification. The results from the Probit models' estimation are reported in Tables B6-B9. Table B6 examines the case for the S&P/TSX Composite Index. Table B6 ), we notice that the gold market has the highest explanatory power among all commodities (R-squared of 13%). We also examine the case when the lagged market status for the composite index is included (specifications 9 and 10). The McFadden R-squared jumps to approximately 82%, something expected due to the high persistence of the identified markets. On the other hand, only gold and oil market status are found to be statistically significant. The case for the S&P/TSX Energy sector index is presented in Table B7 . When the identified market for either the oil price or the composite index is considered as the independent variable, the obtained Rsquared values are very low (5+%). On the other hand, when the lagged value of the market for the sector index is included, R-squared increases to approximately 75% (specifications 9 and 10) but the market status for oil is found to be insignificant. Similar are the results that we obtain for the S&P/TSX Gold sector index and the S&P/TSX Metals and Mining sector index (Tables B8 and B9 ): the explanatory power of the commodity market variables is very small, when they are included separately. When the lagged value for the sector market is included, a high value for the R-squared is obtained, but the variables are statistically insignificant. Similar to before, we examine of whether such an effect exists or not in three ways: correlations, conditional probabilities, and Probit models.
Checking the correlations, we observe positive and significant values between the lagged market status values for the S&P/TSX Composite Index and the markets of the individual commodities. Even though the same result is obtained for the case of the individual sector indices, the values observed are smaller. Turning our attention to the conditional probabilities, we examine two cases. First, we examine how the probabilities of observing bull or bear markets in commodity prices change when we condition on the composite index (Table B10) . Second, we examine how this probability changes if for each commodity we condition on the status of the respective sector index (Table B11 ). We notice that there is a significant change in the probability of observing a particular market when S&P/TSX Composite Index is in the same market, with the result being stronger for the case of a bear market. That is, if the index was in a bear market the month 6 The detailed results are not presented but are available upon request. before, there is a higher probability this month for the commodity to be in a bear market as well. When considering the individual sectors, the results are similar, but the updates in the probabilities are smaller in magnitude.
In the end, we present the results from the Probit model estimation. Given the persistence of the markets, we focus on specifications that included the lagged dependent variable as explanatory variable (specifications 4, 5, and 8-11 in Tables B12-14) . When examining the oil market status we find the S&P/TSX Composite Index to be significant in both current and lagged values, but this is not the case for the sector index.
McFadden R-squared is approximately 70% in all specifications. If we turn our attention to the gold market status, no information is provided by any of the stock indices (statistically insignificant) with R-squared being around 88%. Finally, for the market status of the Metal Index: when considered separately, the composite index market status and the sector index market status are significant (at 1% level) when the commodity index market lagged values are also included. Nevertheless, if both are considered simultaneously, only the market status S&P/TSX Composite Index remains significant.
Discussion
There are two main findings. The first is that more switches between bull/bear market phases occurred for individual stocks compared to the underlying commodities. Moreover, bull market phases for stock prices last longer, on average. The second finding is that there is little evidence that the bull/bear markets of stock market series, especially for the case of individual stocks, are related to the bull/bear markets of the commodity prices. The effect appears to be primarily on the composite index, and only from the gold and oil commodities. If we consider the other direction, information about the market status for the composite index provides some explanatory power for the market status for the oil and Metal Index commodity series, especially in the case of a bear market. This result does not extend to the sector stock market indices.
At first glance, such a result may appear puzzling, but it can be attributed to various factors. First, differences in the parameters λ 1 , λ 2 may have created this discrepancy between the identified markets for the commodities and stocks. The markets for commodities have substantially longer durations than those of stocks: during a given market phase for commodities, more market phases have been experienced by the stocks. This gives the impression that there is no link between commodity and stock markets. If one were to use different values for the filters across the series under investigation, results may be altered.
Since there is no "correct" choice regarding the values that the filters must take, we repeat our analysis for different parameter values across the series under investigation. We select (λ 1 , λ 2 ) to take the values of (0.25,0.20) for the individual stocks, (0.20,0.15) for the stock market indices, and (0.15,0.10) for the individual commodities. By considering lower threshold parameters for the commodity series, we allow for shorter bull and bear market durations, thus increasing the variability in the identified series. We focus in estimating the conditional probabilities, and the most relevant specifications of the Probit model.
The results for conditional probabilities (Table B15) are not substantially different; some value updates are now larger in size (bull markets for gold stocks), whereas other updates are now lower (bull markets for energy stocks). The results of the Probit model regarding the relationships between the markets are qualitatively similar; metal index markets becomes insignificant (specifications 7 and 8 in Table 5 ), but gold price and oil price markets retain their explanatory power. When the lagged market status for the composite index is included (specifications 9 and 10), only Gold price market is found to be statistically significant. Turning our attention to the Probit models for the sectors, we focus on the specification that include the lagged value of their market status (specifications 9 and 10 in Table 6 ). Even though the contemporaneous impact of oil and gold markets becomes significant at 10% level (specification 9), this effect disappears as well when the commodity markets are considered in the lagged value. Finally, when Probit models are re-estimated for each stock, we find similar results: the inclusion of the lagged value for the market status provides high R-squared values, but commodity markets are insignificant.
Thus, we can infer that the evidence or a lack of relationship between commodity bull/bear markets and stock market bull/bear markets is not sensitive to our choice of threshold parameters (λ 1 , λ 2 ). Finally, it can simply be the case that there is no relationship between the markets. WGC (2009) reports that the unique and diverse drivers of gold demand and supply do not correlate highly with changes in other financial assets. It is important to remember that commodity prices are determined by supply and demand in the global markets. This is also more evident if we consider the existence of super-cycles in commodities.
Erten and Ocampo (2012) On the other hand, Canadian companies stocks are mostly held by Canadian investors, and thus they are subject to fluctuations originating in Canada, which are of short-to medium-run character. This disparity in the underlying causes for price movements can be the main factor behind the lack of relation between the markets. Furthermore, previous studies show that gold price fluctuations have different effects on gold production, and the value of gold mining stock from country to country (Blose and Shieh, 1995; Blose, 1996; Selvanathan and Selvanathan, 1999) . Another cause for the lack of relationship can be the effect of the companies' idiosyncratic risks; even if the price of a commodity is going up, the stock price of a relevant company may not be influenced if the company faces problems (for example, risk exposure of activities overseas). However, this effect should disappear if we aggregate individual stocks. This claim is supported by what we see in the paper: even though there is almost no relation for the individual stocks, there is some evidence of relation when the sector indices are considered.
Conclusion
We investigate the relation between different market phases, i.e. bull and bear markets, for commodities and commodity-related stocks and stock market indices. Specifically, we use the Lunde Timmermann (2004) algorithm to identify bull and bear markets in oil, gold, and metal, and relevant stock market indices and stocks traded on the Toronto Stock Exchange for the period 01:1982 to 06:2011. Using different criteria, we examine the explanatory power commodity markets conveyed in identifying bull and bear markets for the relevant stock market series.
There are two main findings. The first is that there are substantial differences with respect to the market duration characteristics. Commodity market phases tend to have longer durations compared to stock prices.
Furthermore, commodity prices exhibit longer bear phases compared to bull phases, the opposite being true for individual stocks. The second finding is that there is little evidence that the markets identified for the individual stocks are related to those for the commodity prices. On the other hand, it appears that commodity price markets allow us to partly forecast the markets for their respective stock market sector indices. This effect can be attributed to the fact that even though commodity prices are determined in the global market, Canadian stocks are predominately influenced by local factors. -Gold, Spot price, US$ per ounce.
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